Capacitive deionization (CDI) is a promising and rapidly growing technology for water treatment and the electrode materials play a key role in improving CDI performance. In this study, high surface area activated carbon was prepared from chicken feather (CF) bio-waste through pyrolysis and KOH activation; the KOH:CF ratio (R) and activation temperature (T a ) were variable parameters. The material was characterized by using the Brunauer, Emmett and Teller (BET) method, Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM). The lead (Pb 2þ )
Water desalination by CDI is based on the principle of the electric double layer capacitors (EDLCs), where the charged ions such as Pb 2þ and NO 3 À can be adsorbed from the aqueous solution and electrostatically stored on the oppositely charged electrode surfaces (anode and cathode) through the application of voltage from an external power source (Baroud & Giannelis ) . Once the external voltage is removed, the trapped ions can be released back to the solution, which results in regeneration of the electrodes.
Chemical and physical properties of materials used for the electrodes play vital roles in the capacitive behavior.
To date, a wide range of materials such as porous carbon, carbon aerogel, activated carbon cloth, nitrogen-doped carbon materials, graphene, nanostructured carbon cloth, nanoporous silicon dioxide or alumina surface doped with magnesium, carbon nanotubes and nanofibers have been used as electrode materials in CDI applications (Peng et al.
; Li et al. ).
Though carbon aerogel and graphene met most of the specifications required for CDI applications, their practical application is hindered by their high cost (Machunda et al. ) . Therefore more studies focusing on the development of renewable and low-cost electrode materials for CDI applications are needed (Lado et al. ) . Currently, various biomass wastes such as coffee residue, sugarcane bagasse, wood, coconut shells, rice husks, and chicken feathers have attracted many types of research.
These materials provide an alternative source for carbon precursor since they can be synthesized at very low cost, and possess high surface area, good electrical conductivity and suitable pore size distribution (Wang et al. ; Yang et al.
; Zhao et al. ; Lado et al. ).
Approximately 24 billion chickens are slaughtered worldwide each year which entails disposing of 1.8 × 10 9 kg of feather waste. The huge amount of waste produced is either dumped directly to the environment causing soil and groundwater source pollution or openly burnt to pollute the air causing health effects to humans (Prasanthi et al. ) .
Thus, studies were done to convert the feather waste into materials for various commercial applications such as adsor- Aldrich. All chemicals were used without any modification.
Preparation of chicken feather activated carbon
Chicken feathers were washed thoroughly with distilled water and then dried at 90 C for 12 h in the oven, ground to powder and carbonized in a horizontal tube furnace (CTF 12/65/550) at 400 C for 1 h at a heating ramp rate of 5 C min À1 in the presence of nitrogen. The carbonized carbon char was chemically activated by KOH in the weight ratio KOH to carbon (KOH:CF) of 1:1, 2:1, 3:1 and 4:1 at 600 C, 700 C and 800 C under nitrogen flow for 3 h at a heating rate of 5 C min
À1
. The tube furnace was allowed to cool naturally at room temperature before activated products were removed. The samples were washed with 1 M HCl to remove KOH and with hot distilled water to remove the residual KCl until neutral pH was attained, and finally dried in an oven at 100 C for 12 h. The material produced was denoted as CF and CF-R-T a -t, representing the chicken feather carbon and activated carbon derived from chicken feathers, respectively. The letters R, T a , and t represent KOH to carbon mass ratio, activation temperature and activation time (in hours), respectively. On the other hand, the untreated carbon was labeled as CF-400, where 400 denotes carbonization temperature.
Characterization of materials
The textural properties of the prepared CF samples, Bru- 
CDI measurements
The CDI performance of the prepared activated carbon was evaluated by using a two electrodes configuration, a working electrode (cathode) and a counter electrode (anode). The conductivity of the solution was continuously monitored by a conductivity meter (GMH 3400 series) after every 5 min. The Pb 2þ solution concentrations were determined by using the calibration curve.
The removal of the Pb 2þ ions by the CF activated carbon samples was characterized via removal efficiency (RE) and electrosorption capacity (EC) as shown in Equations (1) and (2):
where C o and C f represent the initial and final concentrations (mg L À1 ) of the Pb 2þ ions, respectively; V is the total volume of solution (mL), and m is the mass of electrode material (g).
RESULTS AND DISCUSSION

Nitrogen adsorption isotherms of the samples
The textural properties of the CF samples, BET surface area (S BET ), micropore surface area (S micro ), mesopore surface area (S meso ), pore diameter (D p ), micropore volume (V micro ), mesopore volume (V meso ) and pore volume (V p ), are analyzed regarding the amount of KOH during activation as well as activation temperature and presented in Table 1 .
The BET surface area of untreated carbon (CF-400) was approximately 642 m 2 g À1 but increased to 1,642 m 2 g À1 for CF-1-800-3 after activation with KOH at 800 C. This increase in surface area can be attributed to KOH etching which creates more pores on the carbon materials. There was a further increase in surface area up to 2,481 m 2 g
À1
for the CF-4-800-3. These results show that the ratio KOH:CF also has an effect on surface area; a significant increase from 1,642 m 2 g À1 for R ¼ 1 (CF-1-800-3) to 2,481 m 2 g À1 for R ¼ 4 (CF-4-800-3) is observed while keeping the activation temperature constant at 800 C. 
Morphological analysis
To gain further insight into the morphology of CF samples, SEM micrographs were taken for the carbon activated at 1:1 and 4:1 KOH:CF ratios, as shown in Figure 3 (a) and 3(b), respectively. Both SEM images exhibit irregular pore sizes; the flake-like and graphitic structure of the carbon with a rough surface is generated by KOH etching that brings this high porosity observed on the SEM micrographs which are paramount for CDI applications. Nevertheless at the higher ratio, 4:1, collapsed pores with few broken channel-like structures can be seen (Figure 3(b) ), which is in accordance with the decrease in pore volume observed for the same sample CF-4-800-3 mentioned above (Table 1) .
FTIR analysis
FTIR analysis was used to identify the functional group present in the activated carbon surfaces. The FTIR spectra of the untreated carbon (CF-400) and activated samples were 
Desalination experiments
The CDI electrosorption experiments were carried out with different CF electrodes to study the effects of activating agent to carbon ratio R and activating temperature T a in CDI performance. The electrical conductivity of the the surface area also increases as proved by BET results (Table 1) , thus increasing the adsorption sites.
The electrosorption capacities EC of the CF samples calculated by Equation (2) Table 1 . It seems that an increase in the amount of activating agent might result in enlarging the specific surface area of the sample but not always result in the best adsorptivity.
Therefore no direct accordance is observed between the BET surface area and the electrosorption capacity of samples. This is also observed by Wang et al. () .
General discussion of the results
The effect of activating temperature on the CF samples is summarized in Table 2 . The results show a direct relationship between activation temperatures and BET surface area; the BET surface area increases as activation temperature increases; this result is supported by Zhao et al.
(). Also, it was observed that the electrode materials with high BET surface area exhibit high removal efficiency as well as electrosorption capacity. The results summarized in Table 3 
CONCLUSION
In this study, the capacitive deionization performances for Pb 2þ removal from dilute aqueous Pb(NO 3 ) 2 solutions using electrodes derived from chicken feathers were investigated.
The CF-4-800-3 exhibited good lead removal efficiency of 81% from aqueous solution and an electrosorption capacity of 4.1 mg g À1 . Moreover, experimental results revealed that the effect of activating agent ratio does not prove a direct relationship between the removal efficiency and BET surface area, which is the opposite to the effect of activation temperature. Electrosorption capacity and removal efficiency do not depend on only BET surface area; rather other factors need to be considered. Generally, the results of this work show that electrode materials derived from chicken feathers can be suitable for removing heavy metals such as Pb 2þ from aqueous solution using the CDI technique.
